The study was carried out to determine effect of brewery effluent on the anatomical and morphological characters of Talinum triangulare. Seeds from matured T. triangulare were germinated and transplanted into plastic containers. The seeds were irrigated with 10, 20, 30 and 40% effluent concentrations respectively. A control experiment irrigated with normal water was also set aside. Data were collected on weekly basis until after the thirteenth week when the experiment was terminated. The plant showed significant reduction in the leaf area, seed number, shoot height, this morphological response is also associated with a reduction in various anatomical structure that were studied. The significant reduction was more obvious on plants irrigated with the 30 and 40% effluent concentrations. Stem tissue such as epidermis, cortical cell distance and vessel diameter showed significant reduction. The reduction in the morphological and anatomical character might be an adaptive mechanisms employed by the plant in order to cope with the heavy concentration of the effluent. This study showed that brewery effluents have toxic effect on the T. triangulare and the effects were more pronounced on those irrigated with 30 and 40% effluent concentrations. The physical and morphological characters observed in plants are the repercussion of the various endogenous characters among which are the anatomical characters.
INTRODUCTION
Brewery effluent is waste generated by breweries industries in the process of production of a particular product. Some breweries effluents are known to contain high concentration of lead, mercury which has been the source of pollution into the plant and the society. The use of industrial effluents process for irrigation of food crops especially leafy and fruit vegetable has increase in the recent year in urban areas due to shortage of clean water *Corresponding author. E-mail: afolorun@oauife.edu.ng. Tel: +2348035068602.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License (Arora et al., 2008) . The use has also been promoted by urban farmers due to the belief that such effluents contain high nutrients that can promote rapid vegetative growth of their crops which reduce or eliminate the cost of the fertilization either in organic or inorganic form. Fatoba et al. (2011) reported that vegetable are produced throughout the year due to the availability of industrial effluent to irrigate them. However, there should be caution in the use of effluent for irrigation of plants that are tender and herbaceous like vegetables. Uaboi-Egbenni et al. (2009) reported that in Nigeria, most of the urban farmers divert effluents to farm land to irrigate their vegetable farm to meet up the risen demand of vegetable in our society. Ramasubramanian (1993) observed the germination percentage and development of Phaseolus mungo growth rate in sand culture decrease with an increase in the concentration of some effluents obtained from some industries. The release of toxic materials contaminates the earth environment and interferes with human health. This also affects the quality of life or the natural functioning of the ecosystem including in both living organisms and their non-living environment. The release of such an effluent into the plant body is also a source of pollution into the plant (Uaboi-Egbenni et al., 2009) . Although, industrial processes are desirable, at the same time, the serious and irreversible damage done to the environment through their apparently innocuous discharges of effluents are unquantifiable. Until now, effluents are discharged into rivers, estuaries, lagoons (Ajmal, 1984) . Industrial effluents have a great inhibitory effect on the germination and development of many plants species, the percentage of surviving plant decrease with an increase in treatment concentration (Rajni and Chauchan, 1996) .
Talinum triangulare is commonly known as water leaf which belongs to the family Portulacaceae, it grows from a short taproot and can be up to 2.5 m in height. T. triangulare is an herbaceous annual and perennial plant with a broad, worldwide distribution. The demand for waterleaf is high in Nigeria especially in western part of this country, and it is therefore a major source of income for farmers. Its high demand is attributed to its nutritional value and importance as a softener when cooking the common fibrous leafy vegetables such as Afang (Gnetum africana), Atama (Heinsia crinata), and Editan (Lasienthera bulchozianum). It is also cooked with green Amaranthus (Amaranthus curentus) and fluted pumpkin (Telfairia occidentalis).
Due to the high demand for this vegetable in Nigeria, Urban farming of T. triangulare through effluent irrigation has grown tremendously. Several researchers have reported the effect of such effluent irrigation on the nutrient and heavy metal content of vegetables (Arora et al., 2008; Fatoba et al., 2011) . This research work was designed to assess the morphological and anatomical structure of T. triangulare in response to the irrigation of brewery effluent.
MATERIALS AND METHODS
The seeds from matured T. triangulare plants were collected from the forest behind the Department of Botany Obafemi Awolowo University, Ile-Ife (7° 28´ 0´´ N, 4º 34´ 0´´ E). Identification of this plant was done in the Herbarium (IFE) of the Department of Botany Obafemi Awolowo University; Ile-Ife and voucher specimens were deposited. The effluent used was collected from the International Breweries Ilesa, Osun State (Nigeria) (7° 37´ 0´´N, 4° 44´ 0´´E). The soil was collected behind the Department of Botany, Obafemi Awolowo University, Ile-Ife. This experiment was conducted in the screen house to protect the plants from direct rainfall contaminations, trampling and to avoid being destroyed by rodents. Seeds of T. triangulare were planted in two big bowls in front of Botany Department, Obafemi Awolowo University, Ile-Ife. After germination, three T. triangulare plants were transplanted into each of the plastic container provided which had been filled with soil and arranged in a complete randomized design to avoid competition. The effluent was serially diluted to give representative concentration of 10, 20, 30 and 40%. Three replicates of each of the treatment were used and the fifteen plastic containers were labeled based on their means of irrigation such as control, 10, 20, 30 and 40% effluent concentration. A central experiment was also set aside in the plastic container which was irrigated with normal water continue from the seventh week after planting until thirteenth week when the experiment was terminated. Quantitative characters recorded on weekly basis are: plants shoot height, leaf length, leaf breadth, leaf area, number of branches and number of fruits. The mean values of these quantitative characters were recorded. The leaf area was calculated according to the formula of Hoyt and Bradfied (1962) shown as:
Where, LA is the leaf area; LL is the leaf length, LB is the leaf breadth, and 0.75 is the correction factor for the shape of the leaf.
For the purpose of studying the epidermal structures, sizeable portion of mature leaves for each of the concentration were cut from standard median portion. Epidermal peels were made by free hand method, the abaxial and adaxial epidermis were preserve in 50% ethyl alcohol until when require, the epidermal surface were then stained in 1% safranin "O" for about 5 min and mounted on clean slide in 25% glycerol for microscopic examination (Dutta, 2003) . Ten slides from each of the upper and the lower epidermis were prepared per concentration and studied. Out of the slides prepared, ten were selected per concentration for size measurements. Also, frequencies counting per field of view were also made from the slides. Finally, different counts were made from different portion of each slide.
Stomata index was calculated according to Dilcher (1974) :
Where S.I is the stomata size, S is the stomata per unit area and E is the number of epidermal plus subsidiary cells in the same unit area. The transverse section of the stem were made by using microtome and stained with aniline blue for 5 min and mounted in glycerine on clean glass slide with the edge cover slip for microscope observation. Epidermis, cortical distance, vessel distribution and the layer of both collenchyma and parenchyma cell were studied and their sizes measured with ocular micrometer. Photomicrographs of the section were taken. Transverse sections of the root were cut using a rotring sledge microtome. Permanent slides were prepared by staining sections in aniline blue for about 5 min and later counter stain with 1% aqueous solution of safranin SI = S × 100 E+S 
RESULTS
There is no significant difference in the number of leaf of T. triangulare when the various concentrations of the effluent were compared with the control (Table 1) . There is a significant difference between the control and the various effluent concentrations in the length and width of leaf of T. triangulare. The number of branches, shoot height and seed number similarly decreased significantly with an increase the effluent concentrations (Table 1) . The number of stomata on the abaxial surface of the leaf of T. triangulare decreases significantly at 10% effluent concentration (Figures 1 and 2) , there was also a significant increase at 20% effluent concentration, then a decrease at 30% effluent concentration and a sporadic increase at 40% effluent concentration (Table 2) . On the adaxial surface, there was a significant increase at 20% effluent concentration in the stomata number and then a significant decrease in the stomata number from 30 to 40% effluent concentrations (Figures 1 and 2) . The size of guard cell significantly increased at 40% effluent concentration. The length of epidermal cell at both abaxial and adaxial surfaces significantly decreased at 40% effluent concentration ( Table 2) .
The vessel diameter reduced significantly at 10% effluent concentration, however at both 20 and 30% effluent concentrations, there was no significant difference except at 40% effluent concentration where there was a reduction in the vessel diameter (Table 3 and Figure 3 ). There was a significant increase in the number of vascular bundle at both 30 and 40% effluent concentrations ( Table 3 ). The epidermal thickness of the stem decreased significantly as the effluent concentration increases. The thickness of both parenchyma and collenchyma cells similarly decreased significantly as the effluent concentration increases (Table 3 ). In the root of T. triangulare studied, the epidermal layer, cortical layer and vessel diameter decreased significantly as the effluent concentration increases (Table 4 and Figure 4 ).
DISCUSSION
The brewery effluent reduces the leaf area of the plant significantly. Stevovic et al. (2010) reported that leaves from plant growing in polluted area were significantly reduced than leaves from an unpolluted area. Similarly, Rafia et al. (2009) reported that the reduction found in the leaf area of Phaseolus mungo and Lens culinaris may be considered as an adaptive advantage that enables leaves to develop and function in habitats marked by strong variations of heavy metals such as lead toxicity with solar radiation, air temperature and humidity. The increase in the leaf area reported under 40% effluent concentrations could be as result of the adaptive measures employed by some characters in the plant in order to withstand the effluent concentrations. Morphological features and physiological responses are linked to adaptive characteristics of plants in stressed environments (Dzomeku, 2012) .
The continuous and consistent reduction in the seed number of T. triangulare is an indication that the effluent are in no way favourable to their growth. This might subsequently affects the availability of this vegetable in the market for consumers. Also, significant reduction has been reported to occur in all morphological parameters such as leaves length as the concentration of the effluent increases (Iqbal, 1985; Jahan and Zafar, 1992) . Various morphological attributes of plant have been reported to be important features used by plant to withstand unfavorable condition.
Many diverse changes in anatomical characters of different plant have been previously reported by a number of authors (Khudsar and Igbal, 2001; Papadakis et al., 2004; Akinlabi et al., 2014; Ekpemerechi et al., 2014) . There was a remarkable reduction in the number of stomata from the control to 10% effluent concentration. A significant reduction in stomata was reported in Cenchrus ciliaris and Cynodon dactylon in response to Cadmium stress. It has been reported that transpiration may decrease because of lower stomata index and size per unit of leaf area (Molas, 1997) . The decrease in stomata size may be an avoidance mechanism against the inhibitory effect of a pollutant on physiological activities such as photosynthesis (Verma et al., 2006) . These modifications are important response to the environmental stress which affected plant used in controlling the absorption of pollutants (Gostin, 2009) . Decrease in stomata size on both the adaxial and the abaxial surfaces in all the treatment aside the control is an indication of T. triangulare survival strategy in the presence of pollutants from breweries effluent. Reduced stomata help in increasing the rate of photosynthesis without excessive transpiration. This type stomata size modification is an indication of the presence of heavy metal toxicity which could prove that brewery effluents may have contained toxic heavy metals. Due to the important of the adaxial surface in photosynthesis and gas exchange, the impact of the toxicity of the effluent was most felt on the leaf surface. The length of the epidermal cell decreases as the concentration of the effluent increases, a significant increase was recorded at 40% effluent concentration. Epidermal cell number increase significantly as the effluent concentration increases. This could be an adaptive measure to neutralize the adverse effect of the effluent and the growth of T. triangulare. The result presented here is supported by earlier work of Gostin (2009) that showed a significant increase in epidermis in the leaves of plant growing in the polluted environment as compared to the leaves collected from non-polluted area. Also, Gomes et al. (2011) reported increased epidermal thickness in Brachiaria decumbens due to Cadmium stress.
G
There is a significant decrease in the vessel diameter as the effluent concentration increases, this constantly reduces the flow of assimilates to the plant parts. This is one of the reasons for the stunted growth in T. triangulare as the effluent concentration increases. The result of this work is supported by Kasim (2005) who reported that xylem vessel of Vicia faba showed significant reduction in their diameter in response to higher effluent concentration relative to their corresponding control. This result is also in conformity with the observation of Ghouse and Yunus (1972) and Khudsar et al. (2000) , who reported that soil pollution, can cause a decrease in vessel abundance in several herbs and shrub. The increase in the concentration of effluents affects the internal organs of T. triangulare negatively. Among these internal organs are the vascular bundles which collapsed and ruptured as a result of increase in effluent concentration. Flow of assimilates, mineral nutrients and water will subsequently be reduced. Reduction in number of conducting elements has been reported in literature as being an adaptive measure to secure water flow. Proliferation of parenchyma cells in the stem of T. triangulare was promoted at very low concentrations of the brewery effluent. The effluents toxic effect resulted in drastic reduction of the number of parenchyma and collenchyma cells at 40% effluent concentration. This showed that at low concentration, T. triangulare was able to maintain the productions of parenchyma which constitute adaptive mechanism to regulate ion concentrations entering the stem. But, at high concentrations which seem to be toxic, the number of parenchyma and collenchyma cells was reduced in order to prevent excess ions from the effluents entering the xylem and reduce toxicity from effluent conduction to the aerial parts. The increase in concentration of effluent causes increase in the activity of phellogen to produce numerous intercellular spaces leading to the formation of lenticels.
Root as first organ of plant in different stages of development utilizes different mechanisms to cope with the presence of any pollutant in the soil. However, in this study, cortical layer suffer significant reduction in the highest percentage effluent concentration when compared to the control. Literatures have reported a remarkable decrease in cell size which might be the result of a decrease in elasticity of cell walls of the root (Sieghardt, 1984; Barcelo et al., 1986) . This was supported by the work of Kasim (2005) who find out significant reduction in the cortical cell of root of Sorghum bicolor induced by some heavy metal which are also likely to be present in the effluent used for this study.
Conclusion
The physical and morphological characters observed in plants are the repercussion of the various endogenous characters among which are the anatomical characters. The response of anatomical characters to the various effluent concentrations in T. triangulare depicts the observed exomorphological features. The vegetable should not be grown in the area where breweries are sited and also, in an environment where there is shortage of water. About 10% concentration of this effluent can be used to irrigate this vegetable. However, it must be noted that brewery effluents have a great adverse effect on both the anatomical and morphological structure of the T. triangulare studied. The effect of effluent is more pronounced on T. triangulare irrigated with 30 and 40% effluent concentrations.
